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A's determined by the microwave radiometer, the surface tem-
perature of Venus averages approximately 427°C on both light and dark
sides of the planet. The surface pressure is estimated as equal to
about 20 bars.

A new density model of the upper atmosphere of the Earth from
200 to 800 km is presented.

Some physical parameters of the Moon, which are generally
those of average silicate rock, have been given by Z. Kopal and are
summarized in the paper. If it is assumed that the solar wind has
remained unchanged over the period of the.moon's existence, the Moon:-
has lost a layer approximately 17 cm thick in 4. 5. 10° years.

A series of model atmospheres for Mars has been developed
by Schilling in order to derive upper and lower probable limits for
the variation of pressure and density in the upper atmosphere. L.
Kaplan estimates the surface pressure to be 20 + 10 mb, G. P.
Kuiper 30 mb.

On the assumption that ordinary meteoritic densities are of
the order of 5 g cm~™ mean space densities of meteoritic material
at the earth's distance from the Sun are found to be of the order of
1072 to 10723 g cm™® | Van de Hulst estimates a total influx of some
10,000 tons per day on the entire Earth ,4%,%4/
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By Klaus Schocken
SUMMARY

As determined by the microwave radiometer, the surface tem-
perature of Venus averages approximately 427°C on both light and dark
sides of the planet. The surface pressure is estimated as equal to
about 20 bars.

A new density model of the upper atmosphere of the Earth from
200 to 800 km is presented.

Some physical parameters of the Moon, which are generally
those of average silicate rock, have been given by Z. Kopal and are
summarized in the paper. If itis assumed that the solar wind has
remained unchanged over the period of the moon's existence, the Moon
has lost a layer approximately 17 cm thick in 4. 5- 10° years.

A series of model atmospheres for Mars has been developed
by Schilling in order to derive u-pper and lower probable limits for
the variation of pressure and density in the upper atmosphere. L.
Kaplan estimates the surface pressure to be 20 + 10 mb, G. P.
Kuiper 30 mb.

On the assumption that ordinary m'Yeteoritic densities are of
the order of 5 g cm™, mean space densities of meteoritic material
at the earth's distance from the Sun are found to be of the order of
10°2! to 10722 g cm™ . Van de Hulst estimates a total influx of some
10,000 tons per day on the entire Earth



I. VENUS

Mariner II was launched at 1:53 a. m. EST on August 27, 1962
and transmitted for four months, reaching a distance from Venus of
approximately 34, 835 km on December 14, 1962. The following results
are contained in a summary of the Jet Prépulsion Laboratory [1] .

The rotation rate is estimated as equal to 230 earth days, plus
or minus 40 to 50 days. The rotation might be retrograde. Venus
has no magnetic field discernible at the distance approached, and at
that altitude there are no regions of trapped high-energy particles, as
there are near the Earth. The clouds of Venus are about 20 km thick
extending from a base 70 km above the surface to a top altitude of
about 90 km. At the resolution of the Mariner II infrared radiometer,
there were no apparent breaks in the cloud cover. Cloud-top temper-
ature readings are about - 30°C near the center (along the terminator)
and ranging down to - 60°C at the limbs. A spot 11°C colder than the
surrounding area exists along the terminator in the southern hemisphere.
At their base, the clouds are about 93°C. As determined by the micro-
wave radiomieter, the surface temperature averages approximately
427°C on both light and dark sides of the planet. The surface pressure
is estimated as equal to about 20 bars.

II. EARTH

In Supplement I (MTP-RP-63-5) an upper-atmosphere model
was described to calculate the density as a function of the 10. 7-cm
solar flux S for various local times and altitudes from 200 to 800
km. This model was checked by comparing calculated rates of satellite
orbital decay with observed values for seven satellites. This check
disclosed a systematic difference for all satellites which was indepen-
dent of local time and altitude and which arises because S is not an
accurate index for the total extreme ultraviolet radiation (EUV). There-
fore the following new density model of the upper atmosphere from
200 to 800 km is presented:

p = K"'S




N and K'" are given in Tables I and II. It is concluded that
the EUV has two variable components, one radiated from active sun-
spot areas correlated with S, and the other one radiated as a back-
ground emission rather uniformly distributed over the entire Sun and
not correlated with S. If magnetic-storm conditions are excl ded,
the model is essentially correct, provided that S' values as presented
in Table III are employed instead of S values. The fact that S' is
greater than S only in the interval from February 1958 to March 1961
indicates that the EUV background emission is significant mainly near
sunspot maximum. If this is true, then S would be a more accurate
index of the total EUV at sunspot minimum than at sunspot maximum

[2].

1II. THE MOON

Some physical parameters of the Moon, which are generally
those of average silicate rock, have been given by Z. Kopal and are
summarized in Table IV [ 3]

Different colors have been found indicating a variety of lunar
materials. Certain areas have been observed to fluoresce. From
time to time short-lived colored spots occur. On October 30, 1963,
between 1:30 and 2:15 UT, three reddish orange colored areas were
observed near the crater Aristarchus. Another colored spot in the
same part of the Moon was observed on November 27, 1963 [4, 5 ]

The solar wind blows outward continuously, with
a supersonic, nearly constant velocity. For quiet solar conditions,
it consists of an average flux of 2: 10° protons cm™ sec™ with 600
km sec™! average velocity. For solar storm conditions occurring
on the average twice per month and lasting 2- 104 sec, the flux
increases by one order of magnitude, and the particle velocity goes
up to 1000 km sec™} Accompanying the protons are 15% «-particles
with the same velocities. The effects of heavier ions, 0.1% O and
C, 1072 % N and Si, 10™® % Mg, S, and Fe, can be neglected in view
of their small flux densities. The sputtering rates under solar wind
bombardment are summarized in Table V. The combined sputtering
rate for Cu is 1.1 A year‘l, and for Fe or stones of the order 0. 4

A year™!
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TABLE III

AVERAGE S' AND S (10'22 WATT m'chs'l) BY MONTHS

1958 to 1962

Month 1958 1959 1960 1961 1962
St S st S S! S S! S st S
January - - 245 271 199 200 110 120 55 93
February 254 210 252 206 181 169 94 105 62 101
March 279 250 256 228 174 146 110 104 73 100
April 322 246 241 210 189 167 92 105 81 96
May 272 219 209 213 147 163 81 99 62 98
June 208 220 184 217 133 162 75 110 55 91
July 212 224 180 203 130 164 78 116 42 81
August 224 237 187 234 153 174 78 106 46 7

September 272 243 207 194 169 164 82 112 65 89
October 286 226 189 164 163 141 79 96 70 87
November 249 207 209 183 160 147 69 89 65 84
December 265 234 189 179 134 136 65 93 56 81
All Months 258 228 212 208 161 161 84 104 61 90




TABLE IV

PHYSICAL PARAMETERS OF THE MOON

Coefficient of Isothermal Compression
Coefficient of Viscosity

Average Density
(min. 3.28, max. 3.41)

Volume Coefficient of Thermal Expansion
Specific Heat at Constant Pressure
Central Pressure

Average Pressure

Coefficient of Heat Conduction

Rate of Energy Liberation Per Unit Mass
(due to K¥ , Th232, U, Uy?s)

Mean Temperature

107 cm sed g7}

-1 -1
1022 g cm sec

-3
3.34 g cm

7-10% erg g-! (°K)7!

5-10' dyne cm™?

2-10" dyne cm™

2-10° erg cm™! sec”! (°K) "’

2-107° erg g_l sec !

1000°K
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If it is assumed that the solar wind has remained unchanged
over the period of the moon's existence, the Moon has lost a layer
approximately 17 cm thick in 4,5-10° years. A major part of the
sputtered atoms has ejection velocities which are higher than the
escape velocity of the Moon [ 6]

Since the composition of the Moon is believed to resemble that
of chondrites, the atomic abundances of the elements in chondrites
for two groups (high and low in iron content) and the average of all
are shown in Table VI , as compiled by Urey and Craig [ 7] . The
average chemical composition of ordinary chondrites is shown in
Table VII , according to J. A. Wood.

IV. MARS

A series of model atmospheres for Mars has been developed
by Schilling to derive upper and lower probable limits for the variation
of pressure and density in the upper atmosphere of Mars amplifying
and correcting the work which was discussed in the first issue of this
series (MTP-RP-62-7). Three models were selected and labeled as
follows:

tentative maximum - probable upper limit
tentative standard - probable average
tentative minimum - probable lower limit

Values of pressure and density of these model atmospheres
from the planetary surface to 2700 km are given in Table VIII. The
construction parameters are given in Table IX , and the temperatures
in Table X [8].

A number of different models have been developed by other
authors,

Vertical temperature profiles of several models are shown in
Fig. 1. Schilling's conjectural model is the result of comparisons
with the earth's atmosphere, in order to obtain the model he considers
the most likely to exist. The distinguishing feature of the conjectural
model is the existence of a pronounced temperature maximum. The
models are summarized in Table XI [9 ] .

11




TABLE VI

ATOMIC ABUNDANCES OF THE ELEMENTS INCHONDRITES
SILICON 10000

12

Element Low Iron High Iron A Total Average
%o
Oxygen 34760 33882 -2. 34386
Sodium 509 490 -3. 500
Magnesium 9261 9444 +2. 9335
Aluminum 778 769 -1. 774
Silicon 10000 10000 — 10000
Phosphorus - 47 42 -12. 45
Sulphur 1000 1100 +10. 1041
Potassium 58 59 +1. 58
Calcium 532 595 +12. 558
Titanium 21 23 +8. ' 22
Chromium 87 63 -37. 76
Manganese 57 54 -6. 56
Iron 6084 8498 +39. 7091
Cobalt 17 29 +68. 23
Nickel 274 476 +73. 360




TABLE VII

AVERAGE CHEMICAL COMPOSITION OF ORDINARY CHONDRITES

Si0, 38. 29
MgO 23.93
FeO 11.95
Al,0; 2.72
CaO 1.90
Na,O 0.90
K,O 0.10
Cr,O 0.37
MnO 0.26
TiO; 0.11
B O, 0.20
H,O 0.27
Fe 11.65
Ni 1. 34
Co 0.08
P 0.05
Total Silicates 81.00
Total Metals 13.11
FeS 5.89

13
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TABLE X

THERMAL STRUCTURE OF MODEL ATMOSPHERES

.Gradient
Molecular of Molecular Representa- Representa-
Potential Scale Tem- Scale Tem- tive Kinetic tive Mean
Height perature perature Temperature Molecular
(km) (°K) (°K /km) °K) Mass
TENTATIVE MINIMUM
0 200 200 30
-3.79
26 101,46 0 101.5 30
89 101.46 101.5 30
+2.315
436,655 906 906 30
+1.140
1044, 534 1599 0 906 17
1500.0 1599 906 17
TENTATIVE STANDARD_
0 250 250 29
-3.75
10 212.5 212.5 29
-2.5
30 162.5 162.5 29
0
144 162.5 162.5 29
+2.99
436 1035,714 1000, 0 28
+1,59
1038 1993.749 1100, 00 16
+0.62
1500 2278.569 1100, 00 14
TENTATIVE MAXIMUM
0 300 300 28
-3.714
10 262.86 263 28
0
60 262,86 263 28
+0,51
70 267.96 268 28
+1.1
100 300,96 301 28
130 300. 96 0 301 28
- .0
202 849.6 3 850 28
+5.65
434,589 1400,0 1100 22
+2,82
1500 4400,0 1100 7
2200 14
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FOR THE ATMOSPHERE OF MARS. THE 1959 MODEL OF THE EARTH'S
ATMOSPHERE 1S INCLUDED FOR COMPARISON.




L. Kaplan estimates the surface pressure of Mars to be 20 +
10 mh; G. P. Kuiper estimates 30 mb,

Regarding Kaplan's low value, Schilliry makes the following
comment:

"Such an atmosphere, probably consisting mostly of CO, and
argon, would fall outside of even the lower probable limits
derived here. This is a further illustration, if we needed

one, that present factual knowledge does not permit us to spec-
ify any degree of probability to the present work."

Dollfus believes the clouds to have the following compositions:
white clouds—ice crystals; yellow clouds-dust particles 2 to 10
microns in diameter; blue clouds—-liquid droplets 2 to 3 microns in
diameter; violet layer —an unknown absorbing material. He gives
values of 10 to 30 km hr™! for surface winds [10] .

From eleven weak lines of water vapor on a high dispersion,
near infrared spectrogram of Mars taken with the Mount Wilson
100-inch reflector, it was determined that the Martian water abundance
is probably near 5 to 10 microns precipitable water over the
Martian poles [11].

V. INTERPLANETARY SPACE

The micrometeorite flux is a thermal parameter, because it
influences the emittance of space materials.

The classification of meteors and the methods of study are
shown in Table XII according to Whipple and Hawkins [12] .

The velocity of escape from the Earthis 11.19 km sec” ! ,
the lowest velocity with which a meteoric body from space can strike
the upper atmosphere. The earth's mean orbital velocity about the
Sun is 29.80 km sec™! , and the velocity of escape from the Sun,
617.7 km sec-! at the solar surface, corresponds to 42. 12 km sec~1
at the distance of the Earth. The maximum velocity with which a
meteoric body can strike the Earth occurs,therefore,when a meteoroid
at its perihelion encounters the Earthhead on. Then the velocity
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components total about 72 km sec™! | Atmospheric resistance reduces
the velocity. Extremely bright fireballs and detonating bolides undergo
reductions to the terminal velocity of free fall, which may be of the
order of 1 km sec™ . For micrometeorites these velocities are
reduced to negligible values at altitudes of the order of 100 km above
the earth's surface.

On the assumption that ordinary meteoritic densities are of the
order of 5 g cm™ , mean space densities of meteoritic material at
the earth's distance from the Sun are found to be of the order of 10™ %'
to 107% g cm ™ Van de Hulst estimates a total influx of some
10, 000 tons per day on the entire Earth.
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